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Abstract 
The variety of marine coastal environments of Mexico has been scientifically recognized; allowing the high diversity 
of organisms. The floristic richness (macroalgae species) includes giant kelps of cold environments of the Pacific 
coast, which are economically and ecologically important. This also includes a wide variety of macroalgae species 
from temperate and tropical environments. This ecological diversity is currently threatened and affected by the 
impact of climate change and by the non-native species introduction related by increased tourist routes and 
commercial navigation to Baja California shores. Based on a monitoring program of introduced macroalgae species, 
in the last 15 years several non-native species have been collected in the facilities of the port of Ensenada, Baja 
California. The species Sargassum muticum, Sargassum filicinum, Grateloupia turuturu and Grateloupia lanceolata, 
grow on different substrates in the Port, and because they grow abundantly, tend to displace native species and are 
therefore considered biological contamination. This work includes a review of the introduced macroalgae to the Port 
of Ensenada, their current distribution in Mexico and discusses its probable origin and possible vectors of 
introduction. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
The introduction of marine species like animals and plants has been recognized as one of the most 
serious problems and threats to the natural ecology of biological systems at a global level [1,2], situation 
that has been commonly referred by the increase in commerce and transcontinental travel, that of which 
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denotes the accidental mobilization of species outside of their biogeographical range or natural habitat to 
regions where they were not previously found. Some of these introduced species are cited as invasive in 
several regions, since they cause serious problems to native biodiversity [3], tending to affect species and 
resource distribution, as well as terrestrial and aquatic ecosystem dynamics, which is why they have been 
considered biological contamination [4,5]. In general, it has been suggested that the process of 
recognizing the introduced species initiates with reporting the records of their sightings, knowing their 
distribution, foreseeing the possible eradication plans, aside from determining their possible ecological 
effects [6,7]. Despite the fact that in the past two decades an increase in new findings in Mexican coasts 
has been documented [3,8,9], the lack of research that allows the determination of which introduced algal 
species are still present is evident, but more so, of studies that demonstrate environmental, social and 
economic impact that these species cause [3,6]. 
In the only floristic study that has been done for the Port of Ensenada 37 macroalgae species were 
registered, those of which, clearly marked by their abundance are Ulva intestinalis, U. califonica, U. 
nematoidea and Sargassum muticum [10]. Since then, neither have results from recent research been 
presented nor any evidence for the possible ecological damage to native species. As part of a monitoring 
program of the marine flora from the Baja California Pacific coast, developed in our university to 
determine the possible mechanisms of introduction, dispersion and impact on the region’s benthonic 
communities; in November of 2008, and March and June of 2010 newly established populations of 
macroalgae were found: Sargassum muticum and Sargassum ficicinum (Phaeophyta), Grateloupia 
turuturu and Grateloupia lanceolata (Rhodophyta) growing on intertidal rocks, on the hulls of ships and 
on different substrates at the facilities of Port of Ensenada, Baja California, Mexico. Due to the 
importance of these species, a basic study was proposed which would provide an updated list of the non-
native species of the Port of Ensenada, allowing through time to measure the possible impact on the 
native species of the area, to stimulate consciousness about the application of laws and guidelines both 
local and international and for regulation of the introduction of new species. 
 
2. Methodology 
 
Considering the first findings of the Grateloupia species from the Port of Ensenada, Baja California 
(31° 51' 58.87" N y 116  37' 41.72" W) (Fig. 1) and with the purpose of knowing possible dispersion 
towards adjacent areas, programs to recollect macroalgae were run from March to December of 2010. As 
a result, samples of Sargassum muticum and S. filicinum species were collected, previously registered for 
the coast of Baja California. Adhered macroalgae samples were collected from different substrates like: 
the docks, ropes, ship hulls and buoys. The samples were placed inside plastic bags with 4% formol with 
sea water for laboratory analysis. A complete set of these samples was placed in the botanical collection 
of the Faculty of Marine Sciences of the Universidad Autónoma de Baja California (CMMEX) [11]. The 
morphological identification of the Grateloupia species was done utilizing the descriptions and 
illustrations of Gavio and Fredericq [12], Cecere et al. [13], Chihara [14], Lee [15] and Miller et al. [16], 
while the identification of the Sargassum species was done considering Abbott and Hollenberg [17], 
Chihara [14], Miller et al. [18]. 
Furthermore, revisions of the botanical collections deposited at CMMEX of the Universidad 
Autónoma de Baja California, the ENCB of the Escuela Nacional de Ciencias Biológicas from the 
Instituto Politécnico Nacional and the UC of the University of California Berkeley were used. Cited 
records were obtained from consulting specialized literature and a database generated to obtain the 
distribution of these species in Mexico. 
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Fig. 1. Localization of the study area. Ensenada Port in Todos Santos Bay, Baja California, México. 
 
3. Results and Discussion 
 
Considering the bibliographical revision and field data, we were allowed to confirm so far, 4 species, 
as introduced in the Port of Ensenada, Baja California, Mexico: Sargassum muticum (Fig. 2a) and S. 
filicinum (Phaeophyta) (Fig. 2b), Grateloupia turuturu (Fig. 2c) and Grateloupia lanceolata (Rhodophyta) 
(Fig. 2d) growing on intertidal rocks, on the hulls of ships and on different substrates at the facilities of 
Port of Ensenada, Baja California, Mexico. These results represent the first approximation for introduced 
species in the Port, whose introduction to Mexican coasts is principally related to the traveling of ships 
[3,9,19,20]. These species are competing for space with the native species like: Grateloupia filicina, G. 
californica, Colpomenia sinuosa, Ulva pertusa and several filamentous species of the Genus Ectocarpus, 
Herposiphonia and Polysiphonia. This observation is considered relevant since it affects diversity as well 
as the port’s marine flora and fauna. Note that similar conclusions have been referred on several regions 
of the world, making reference to the rapid increase of introduced species [25,26]. 
It is worth a mention that the four species are of Asian origin [21] and have been referred in different 
coasts as invading species due to the fact that they abundantly develop [3,12, 22-24]. In the only floristic 
study that has been done in the Port of Ensenada 37 macroalgal species were registered, those of which, 
clearly marked for their abundance are Ulva intestinalis, U. califonica, U. nematoidea and Sargassum 
muticum [10], since then and to date the number of introduced species has increased to 4, and above all, 
ecological damage has been made evident by the abundance of these new species in the intertidal zone of 
Port Ensenada, which drastically reduced the number of native species.  
 
3.1. Sargassum muticum: 
 
This species is considered as one of the most studied and so far represents a major concern at a global 
level, due to it being a very aggressive introduced invasive species, being proven that it grows abundantly 
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affecting the native intertidal and subtidal communities with diverse levels of impact to the environment 
[22, 26, 27]. The first record of this species in Mexico coasts with established populations was given in 
1970 in the Todos Santos Bay and afterwards it has been found in numerous localities of the coast of the 
Baja California Peninsula apparently limited to its southern distribution range due to the increase in sea 
water temperature [22]. S. muticum develops forming very leafy plants of over 2 meters long, 
representing an important ecological case for it has been observed displacing native species found in the 
Port of Ensenada. Their introduction in the Pacific coast of America is frequently referred to oyster 
(Crasostreas gigas) that has been transported from Japan for aquaculture purposes in several regions, so 
being this the known vector for S. muticum and for other introduced species [3]. 
 
 
 
Fig. 2. Introduced species of macroalgae in Ensenada Port, Baja California, México. (a) Sargassum muticum; (b) Sargassum 
filicinum; (c) Grateloupia turuturu and (d) Gratelouia lanceolata. Scale 15 cm. 
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3.2. Sargassum filicinum 
 
It has been suggested that the introduction of the Asian species Sargassum filicinum to the American 
coasts could have occurred through the transit of ships traveling between continents [16,28]. The first 
records were given for the south of California, USA and in the Todos Santos Bay, Mexico, with well-
established populations [18,28], and similar to S. muticum. This is a very aggressive introduced species 
and highly invasive, that has been observed to develop forming sheets in the intertidal zone and for the 
first few meters of the subtidal zone of various localities, for which it is assumed to affect native floral 
and faunal species generating environmental impact. It has been recently recorded in Isla Natividad Baja 
California Sur, representing an increase of 550 km south of its first sighting in Todos Santos Bay [24]. 
This species holds special characteristics that make it a highly successful invasive species, like its rapid 
displacement which is favored by its budding structures and high reproductive capacity. Besides the 
plants being monoic, presenting the male and female reproductive structures on the same plant, it only 
takes a few fertile fragments of this species and that it possesses reproductive and budding structures, for 
it to disperse with ease through the oceanic and local currents and shortly reproducing and establishing in 
new localities[24, 29]. However, Miller et al. [3] have suggested that the probable southward distribution 
in the American Pacific will be limited by the warmer oceanic water. 
It is worth to mention that despite the fact that since 2007 well-established populations of this species 
have been localized in the Todos Santos Bay, it was not until 2010 when the first samples of S. filicinum 
were found in the Port of Ensenada. The specimens were found adhered to structures in the docks. It has 
been observed however that its dispersion and new sightings were directed towards environments less 
disturbed by contamination along the coast of Baja California, including its islands. 
Some authors point out that the California Current, which runs from north to south, as the facilitating 
vector for the displacement of the species Sargassum muticum and S. filicinum. As has been indicated that 
both species present flotation structures and an efficient reproductive system, all which helps in great 
measure their displacement and establishment [3,10]. In regards to the sightings and behaviour of these 
Sargassum species, a suggestion has been made to consider them as invasive species and hence as 
biological contamination, due to their abundance, rapid growth, easy latitudinal propagation[22, 24] and 
marine environment affectation of the Port of Ensenada. 
Other recent additions of introduced macroalgae species to the Pacific Coast of America (California 
and Baja California) are two red algae species from the Genus Grateloupia. 
 
3.3. Grateloupia turuturu 
 
Species native of Japan and Korea, they have been registered as very invasive at a global degree [3, 
20]. The first sighting out of their area of natural distribution was recorded in Portsmouth, England and 
from then on they were found and recorded at numerous localities [20]. In the Pacific coast of America 
they were recently recorded in 2009 [30] with collections realized in the Puerto de Santa Barbara, 
California, USA and since then we have found new populations growing abundantly on dock structures, 
ropes, buoys and on the hulls of ships at the Port of Ensenada[20]. Nonetheless, on the basis of the 
collections, products of systematical sampling undergone on November 2008, we can confirm that the 
first samples of these species recollected in the Pacific coast of America correspond to the samples 
obtained in the Port of Ensenada. The introduction and propagation of this G. turuturu, has been referred 
to the spores contained inside the ship’s ballast water reserves [31] and to the importation of oyster for 
aquaculture means [32, 33]. Even though in the sampling done at the Port of Ensenada it has been 
commonly observed growing on the hulls of ships. Due to the aggressive nature of this species, as to its 
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presence in the docking structures [34] predicted that the introduction and dispersion could extend all 
throughout North America and the rest of the world. 
Considering the problems in the determination of certain species of Grateloupia, Gavio and Fredericq 
[12] it was necessary to confirm the identification by the means of molecular analysis. The sequence 
obtained from G. turuturu from the Port of Ensenada (JN808318), was identical (100% similitude) to the 
Korean sequences uploaded on the Genbank (GU168563, GU168564).  
Due to the aggressive behaviour of this invasive species, to its efficiency in colonization and to its 
increase in biomass at distinct regions [31,35,36], it is suggested to monitor the population found at 
Puerto of Ensenada, following closely its possible dispersion and its impact on local species, given its 
nature as an invasive species making it an ecological danger [23]. 
 
3.4. Grateloupia lanceolata 
 
This species is originally described as native from Japan [37], and represents one of the most recent 
sightings of an introduced species in the coasts of Mexico. It has been reported outside of its distribution 
range in French waters [38], and was recently discovered in California, USA, in 2003 and 2008 [16]. 
Considering the floristic sampling done from 2008 until 2010 in the Port of Ensenada, we have found new 
populations growing abundantly on dock structures, ropes, buoys and ship hulls from the Port of 
Ensenada, where it competes for space with native species and other introduced and invasive species 
principally with Grateloupia turuturu which also grows very abundantly in the area of study. 
Research done by Mathieson et al. [39] and Miller et al. [29] indicates that the records of the 
introduced species have expanded rapidly at a global level, mentioning that introduced marine algae are 
an important issue in all the oceans of the world, due to the alterations of natural communities and in 
occasions causing important economical loses. 
In general, the records of Grateloupia lanceolata in the Pacific coast of America, as for other 
macroalgae species, are associated principally with the transit of commercial embarkations, including 
large cargo and cruise ships of Asian origin which arrive at our coast, and due to their invasive behavior 
tagging them as “bad weed” [3,29], make this findings important.  
 
4. Conclusions 
 
On the basis of bibliographical revisions and the monitoring program, 4 introduced species are 
recorded for the Port of Ensenada, Baja California, Mexico: Sargassum muticum and S. filicinum, 
Grateloupia turuturu and Grateloupia lanceolata, which exhibit an invasive behavior for their abundance. 
These species grow seasonally over intertidal rocks, on the hulls of ships and on different substrates from 
the Port facilities, competing for space with the native species. 
When it comes to sanitary biological control to avoid the increasing introduction of species of 
organisms into ports, a setback has become evident and the insufficient application of laws and guidelines 
by port authorities from the Mexican government. In the same way no efficient control exists for the 
transfer of other organisms like oyster, for aquaculture means, are introduced in our coasts and are 
commonly related as an important vector that accidentally allows the introduction of marine species. 
A large number of recommendations were given to contribute to the limitation of this phenomenon; 
however, it appears they are not taken into account. It is recommended to fall on the application of laws 
and guidelines, and above all to divulge on all levels of government, industry and port users of the 
ecological problem that the introduced species represent and finally generating awareness about the 
associated risks. 
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